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INTRODUCTION

On January 17, 1991, the United States entered a war that turned the military
gpace community upside down. Until then, the military space community’s focus was
locked on the strategic concepts that were developed and refined throughout the Cold
War. The Gulf War expanded that focus to include the operational and tactical levels of
warfare. This change is causing space strategists to consider a broader spectrum of space
functions for enhancement, and perhaps most importantly a broader spectrum of measures
for space control.

In addition to this expanded focus, the reconnaissance satellite playing field
continues to undergo significant changes. During al but a few years of the Cold War,
there were only two players in the spy satellite game. This was slowly changing toward
the end of the Cold War. At the time of its invasion of Kuwait, the Iragi military was
receiving military support from the Soviets and purchasing satellite imagery from the
French. Soon after the invasion, the Soviets joined many other nations in their
condemnation of the Iragi government’s behavior and the French refused to sell imagery
products. Thisleft the United States in possession of atemporary monopoly on the ability
to routindly and unobtrusively probe the enemy’s battlefield with highly accurate
reconnaissance satellites. Those space assets revealed volumes about the Iragi capabilities
and intentions for battle. The United States assured its Gulf War victory through the

combined strengths of its overwhelming offensive power and its unprecedented knowledge



of the battlefield. Asthe world watched this display, it quickly learned that future warfare
success may require asimilar illumination of the battlefield.

As the lessons of the Gulf War are being internalized, national and international
actors are endeavoring to participate on the high ground of space reconnaissance. The
movement to gain access to high quality satellite photo-reconnaissance data has turned
into a stampede in only four years. For anation such as France that has been in the photo-
reconnaissance business for nearly a decade, this stampede is enabling it to move a rung
higher on the international competitive ladder. For Russia it represents an opportunity to
regain stature and much needed wealth. It aso shows the world that Russia remains a
superpower in the space business, one of the most prestigious of al fields for national
pride.

Combining the modified space operations focus and the multi-polar space systems
playing field, the next war is likely to differ from the Gulf War. Indeed, in the next war, it
is likely that the enemy will have our eyes. The United States must be prepared to pursue
active space control measures to deny the enemy’s access to critical reconnaissance
information. However, this problem cannot be solved in a vacuum; the space control
mission does not stand alone. It is shrouded in nearly forty years of history. Furthermore,
space control must be achievable within the constraints of current and future international
environments. Space control’s history and environments need to be unraveled to reach an
understanding of how the United States can execute space control in the contemporary
world. This monograph will provide information that may be helpful to future space

strategists and decision-makers in determining how to accomplish this mission.



This monograph uses research, analysis, and synthesis to take the reader through
the study’ s three subdivisions of the past, the future, and the chalenge. Each subdivision
offers unique information in an effort to help the reader understand the space community’s
focus during the Cold War and how that is changing, and to place the space control
mission in its context before attempting to offer space control methods.

Part I, The Past, recounts the rise of strategic space intelligence, explains the
revolution brought about by digital image processing technology, and elaborates on the
changes resulting from the employment of space's strategic assets in modern theater
warfare. Part |1 focuses on the future by speculating on the forms of modern warfare and
imagery’s potential role in them. Part 111, Meeting the Challenge, discusses the space
control mission and various denial methods that will be considered for employment against

the commercial reconnaissance system.



PART ONE: THE PAST

The Rise of Strategic Space Intelligence

Strategic space intelligence is one of the first products of the Cold War. Today, it
remains one of the United States military’s most important assets. Its formative years
were molded by three themes. competition to lead the nation’s space program, the
strategic nuclear threat posed by the Soviet Union; and the technological challenges of
new frontier.
Planting the Seed

The evolution of America’'s space-based reconnaissance systems traces to the
conceptual seed planted by Wernher von Braun in May 1945. Von Braun, developer of
the V-1 and V-2 rockets for Nazi Germany, is credited with reuniting Adolph Hitler's
Peenemuende rocket team to form the nucleus of America's civilian and military space
programs. Using the knowledge he gained from his rocketry work, he provided a report
to the United States Army that examined German views on the potential of rocket
launched satellites” This seed quickly grew into an inter- and intra-service rivalry that
drove the Army, Navy, and Army Air Force into a competition to become the agency
responsible for future military satellite vehicles. By October 1945, the Navy had published
its views on the use of satellites. Already behind the power curve, Maor Genera Curtis
LeMay, Director of Research and Development for the Army Air Force, commissioned the
RAND Corporation to conduct a three-week crash study on the feasibility of space
satellites” General LeMay and General Carl Spaatz, Commanding General of the Army

Air Force, quickly realized that this new frontier was another mission area that could help



justify the formation of an independent Air Force®> Thus, Army Air Force involvement,
along with the intense inter-service rivalries, encouraged this little understood domain to
become afertile arena for the competitive exchange of ideas.

During the ensuing years the scientific and military communities studied the
feasibility and operability of potential satellite systems. With both strong proponents and
opponents arguing the potentials and limitations of such technological challenges, the
research and development path was by no means smooth. Despite these difficulties, by
1951, the Air Force was able to define its requirements for an operational satellite system.
There were three primary requirements for an Air Force satellite system: (1) an ability to
produce photography of sufficient quality to enable trained interpreters to identify objects
such as harbors, airfields, oil storage areas, large residential areas, and industrial areas; (2)
a capability to provide continuous daytime observation of the Soviet Union, cover its
landmass in a matter of weeks, and record the data collected; and (3) an ability to produce
aquality photographic product suitable for the revision of aeronautical charts and maps.*

During these early days of concept exploration and requirements definition, many
agencies worked independently without the benefit of oversight. This changed in
December 1953 when the Air Research and Development Center gathered many of the
proliferating aspects of the research and development groups into a single project entitled
Project 409-40. Project 409-40's mandate was to provide the first operational imagery
satellite system. The prospective satellite system for this project was given the weapons
system designation of WS-117L.> The satellite was to be based on state of the art
television and videotape recorder technology. However, its engineers soon realized that

the 144 foot resolution that this system could provide was inadequate for the task. This



technological problem fueled the skepticism and hostility of many Department of Defense
personnel who doubted that such systems could ever be of value. But the believers
persisted, due in part to President Eisenhower’s vison and his determination to gain
information on the Soviet Union’s nuclear weapons delivery vehicle capabilities.

The Technological Capabilities Panel formed by President Eisenhower in 1954
provided a briefing in February 1955 on the options for obtaining intelligence data about
the Soviet Union. The Panel included such notables as Massachusetts Institute of
Technology President James R. Killian, Jr., Polaroid founder Edwin H. Land, Harvard
astronomer James G. Baker, and Washington University’s Joseph W. Kennedy.® These
academic and industry leaders advised President Eisenhower that there were three options
for gaining photo-reconnaissance data on the Soviet Union: build strategic reconnaissance
aircraft, attempt balloon reconnaissance, or develop a satellite reconnaissance system.’
Supporters of satellite systems hoped the committee would recommend the satellite
solution as the top priority, but the committee’s official recommendation was to build
strategic reconnaissance aircraft.

Not swayed by the committee’s focus on near-term solutions, the Air Force
quickly issued General Operational Requirement number 80. Issued less than a month
after the committee's report to the President, this document established an official
requirement for an advanced reconnaissance satellite® By November 1955, the basic
technical tasks were defined and approved and the project was given the code name PIED
PIPER. PIED PIPER's goals were to provide a complete satellite reconnai ssance system,
including ground facilities for analyzing and disseminating imagery, and to be fully

operational by the third quarter of 1963. Three corporations competed for the rights to



build this visionary project: Radio Corporation of America, Glenn L. Martin, and
Lockheed Aircraft.’® By October of 1956, the Air Force had made the contract award
decision. Lockheed was notified to proceed with its development of the Advanced
Reconnaissance Satellite as well as the upper stage Agena vehicle that would propel the
satellite into low earth orbit.*

The Threat: Soviet Strategic Nuclear Attack

Work on the WS-117L project progressed at a steady pace until the Soviets
shocked America with their launch of Sputnik on October 4, 1957. This unsettling event
shook the foundations of the military and scientific communities, the government, and the
population of the United States, and helped consolidate the communities work toward
meeting the challenge and threat posed by the Soviets. On January 22, 1958, the National
Security Council issued Directive number 1846, assigning the highest priority status to the
development of an operational reconnaissance satellite.

By February 1958, space experts were briefing President Eisenhower on the two
potential imagery acquisition methods using space platforms. One was the origina
method proposed in Project 409-40, that is, using a film-scanning technique, and the other
used a film and satellite recovery method. President Eisenhower decided that the film and
satellite recovery system offered hope of immediate payoffs and decided to assign program
development responsibilities to the Central Intelligence Agency. Severa factors led to
these decisions. He was concerned that the PIED PIPER non-recoverable technology
would not yield an operable satellite as quickly as needed; was not enthusiastic about an
Army role in space; was concerned about security failings; and had confidence in the

CIA’s ability to lead the program because of its experience with the secret development of



the U-2 airborne imagery collection system. Thus, at the February 1958 meeting,
President Eisenhower approved the infamous CORONA project. The CORONA system
was designed to quickly provide an operational spy satellite through development of a
recoverable capsule system. The CIA’s marching orders were to have the system ready
for use by the spring of 1959."

The cover for the CORONA program was the DISCOVERER satellite program.
Additionaly, the government established a military research and development agency, the
Advanced Research Projects Agency, to handle the public aspects of the project. The
portions of the WS-117L project that pertained to reconnaissance satellites were canceled
and restarted in the highly secretive world of the CIA under the CORONA cover. The Air
Force was tasked only with the responsibility of testing techniques for recovery of a
capsule gected from an orbiting satellite. After a February 1959 launch failure and the
Soviet recovery of a capsule launched in April 1959, the CIA’s CORONA project met
with success in 1960. It was in that year that American space experts successfully
launched and recovered two film capsules. By 1961, the CIA’s film recovery program
was stable and providing regular imagery of the Soviet Union.

Using state of the art equipment, the CIA secretly acquired imagery of great
military significance throughout the 1960s. The imagery met the specifications laid out in
1951 by the Air Force, and more importantly, could identify exactly what the Soviets were
accomplishing in the strategic nuclear arena.  This program and its follow-ons were
deemed highly successful at providing high quality photographic imagery for the United

States until the program was superseded in October 1984.



Film-Based Solutions Today; Electro-Optics Tomorrow

The decision to pursue the film-based recovery system was a prudent decision
considering the technological capabilities of electro-optics in the late 1950s. Eventualy
however, electro-optic technology would evolve to the point where its product would
match that of the film-based systems and surpass the latter’s ability to provide near real-
time intelligence data. Believing this to be true, the many proponents of electro-optical
systems continued to develop and refine this emerging technology.

Although it may not have been viewed this way in the 1960s, what appears to have
emerged is a dual-track technology progression. One track was the logical short term
solution and the other was the long term method for providing Cold War strategic
intelligence. Figure 1 provides an analysis and synopsis of this dual-track technology
progression.

Despite official cancdlation of all Air Force satellite activities except recovery
techniques, work on the on-board film scanning system continued to chalenge its
proponents. The earliest available evidence that anyone was pursuing digital processing
technologies for military application appears in a 1957 report. In its report to the Air
Force, Radio Corporation of America recommended and the Air Force accepted the idea
of a combined film and digital based system.** This plan called for using a film scanning
technigue in which a conventiona camera photographed the target and the film was
developed on board. Once developed, the film was scanned with a fine-light beam and the
resulting signal was sent to a ground receiving station. The ground station trandated the
signal back into an image. The Air Force program that used this technology was the

SAMOS program.®



The Air Force's SAMOS program launched its first satellite in October 1960.
After achieving only two successful launches in its five attempts between 1960 and 1962,
this program was deemed a fallure and officialy canceled in 1962. However, this
cancellation may have been an attempt to divert the notice of the Soviets and others.
SAMOS5, the last of the SAMOS launches, was the most successful and provided
imagery resolution in the 30 meter range, not much worse than that provided by the muilti-
spectra imagers of today’s SPOT™ system.®  Although officially canceled, its
technological advancements reappeared that same year in the CIA’s second generation
program code named KEYHOLE. While some of the KEYHOLE satellites continued to
exploit the successful film-based system,'® others were designed to use the film scanning
technique. Although never launched, some development work occurred through the KH-5

Army mapping and the KH-6 Tallinn mission satellites.”’
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It appears that the first successful use of low quality digital image processing
technology occurred at the National Aeronautics and Space Administration. NASA used
the KH-5 film scanning camera on its lunar orbiters, Ranger and Surveyor, in the mid-
1960s and later in Mariner 4, Mariner 9, and LANDSAT." When Mariner 4 was launched
in 1964, it was advertised as being the first al digital imaging system. Seven years later,
Mars became the first planet to be mapped entirely from digital remotely sensed data. The
use of digital image processing technology for lunar and planetary exploration continued
throughout the 1970s with the launches of Pioneer, Viking, and Voyager series spacecraft.
By 1972, NASA was ready to apply the technology to earth remote sensing and on July
23, launched the first LANDSAT satellite. LANDSAT was the first American spacecraft
to provide multi-spectral imagery.®

By 1976, with fifteen years of space reconnaissance work behind them, America’'s
imagery network was well established and performing well. It was about to become even
better. America’'s space strategists and scientists were about to elevate the satellite
imagery program to an advanced technological plateau. While they comfortably sat on the
successes of the film-based imagery systems, some analysts probably realized that NASA's
digital imaging systems were but small indicators of the CIA’s spy satellite work. It was
in her bicentennial year that America succeeded in turning the tables on the Soviet Union.
In 1976, America rattled the bear’s cage by launching the first KH-11 reconnaissance

satellite into its near-polar orbit.
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The Digital Imagery Revolution

By 1976, the United States and the Soviet Union were experts at the orbital cat
and mouse game of satellite reconnaissance. Both nations used film and satellite recovery
systems and had routinized their operational procedures. Despite eloquent protests about
spy satellites’ violation of national sovereignty, both nations acquiesced to the Open Skies
policy? for spy satellites. Both nations realized that these systems provided insights into
each other's strategic nuclear activities and thus provided some stability in a very
dangerous world.? Soon after celebrating its 200th anniversary, the United States
launched a satellite that revolutionized the photo-reconnai ssance business and set the stage
for itslater use in operational and tactical level warfare. For afew short years, the United
States operated alone on this high plateau of technological achievement. However,
achievement breeds imitation. The Soviet Union and France soon developed similar
systems.
Charge Coupled Devices and Computers: Keys to the KH-11

The KH-11 satellite launched on December 19, 1976, was the first photo-
reconnaissance satellite to provide high quality non-film-based imagery. The KH-11's
red-time sensing systems® and high resolution charge coupled device (CCD) cameras™
enable it to distinguish military from civilian personnel. The infrared and multi-spectral
sensing devices of the latest models can locate missiles, trains and missile launchers by day
or night, and can distinguish camouflage and artificial vegetation from living plants and
trees. Space anayst Jeffrey Richelson claims the KH-11 is capable of 15 centimeter®
resolution using a mirror of at least two to three meters diameter (similar to the Hubble

Space Telescope).”?  The launch of the KH-11 was a significant milestone in the
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achievement of space-based imagery products and represented a personal triumph for
Ledie Dirks, the CIA’s Deputy Director of Science and Technology.

The KH-11's roots reach back to RAND’s 1945 concept of a television-type
imagery return system.”” Redlizing that the technology of the 1950s and 1960s was
inadequate to provide the near real-time data that the national reconnaissance community
wanted, Dirks continued to believe it would be available in the future. The breakthrough
technology by which the KH-11 became capable of collecting and transmitting imagery in
real-time lay inits use of the CCD. The CCD originated a Bell Telephone Laboratoriesin
the late 1960s when two researchers, William S. Boyle and George E. Smith, sought to
invent a new type of memory circuit.”

For those in the government whom had access to the revolutionary digital imagery
provided by the KH-11, its significance was obvious and immediate. Although initialy
limited to data collection for only afew hours each day,” a system that could provide near
real-time images of the earth gave decison-makers a near instantaneous ability to see
exactly what the adversary was doing. For the anaysts, this new system released them
from the light table and stereoscope.® With digital image processing technology, the
anaysts began using the much more flexible and dynamic medium of computers.

Using computers, the analysts recalled imagery from the database and manipulated
it through a variety of viewing options. For example, the analysts changed the contrast to
increase the visibility of objects that were in shadows, obscured by haze or thin cloud
cover, or photographed with too much or too little exposure® Computers began
performing the task of object detection. Changes in a particular target area were

determined using a technique known as electronic optical-subtraction. Among the other
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computer advantages were the ability to improve the image resolution and the ability to
delete distortions inherent in photographic systems.®
The American Monopoly

From 1976 until 1982, the United States was the only nation utilizing digital image
processing technology in its reconnaissance satellites. Combining this technology with its
older film-recovery systems and airborne platforms such as the U-2 and SR-71, America's
ability to acquire strategic intelligence surpassed that of any other nation.*®* A few of the
important bits of strategic intelligence data that these systems provided were nuclear
weapons developments and tests, adherence to arms control agreements, locations of
strategic and tactical aircraft, troop deployments, and military construction.

The United States monopoly on digital image processing technology crumbled in
1982 when the Soviets launched their fifth-generation reconnaissance system. With this
system, the Soviets followed the Americans in liberating themselves from reliance upon
the film-recovery system. Their fifth-generation satellite offers 20 centimeter resolution,
nearly the same as that of the KH-11.* The speed with which the Soviets were able to
bridge the technology gap with the Americans is probably explained by the severa thefts
of KH-11 documents that occurred shortly after the first KH-11 was launched.®

Severa copies of the specifications for the KH-11 system appeared in the Soviet
Union in the late 1970s. The first arrived through William Kampiles, a Greek-American
who began working for the CIA in 1977.* Unhappy with his pay, tedious work, and
unglamorous watch tours, he resigned from the CIA after less than a year and journeyed
to Greece in 1978. Packed in his suitcase was copy number 155 of the KH-11 System

1.37

Technical Manual.>* Once in Greece, Kampiles approached a Soviet Embassy officia and
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offered to provide American intelligence documents. Although he requested $10,000 for
the KH-11 document, Kampiles received a mere $3,000 for the technical manua that
opened the door to one of America s greatest technological achievements.®®

Aided by America s technology secrets, the Soviets were ready to launch their first
digital imagery satellite system on December 28, 1982.*° Analysts know little about this
first al-digital Soviet satellite. In fact, some analysts till question whether or not it
actually represents the Soviets first attempt to use digital processing. The Soviets first
undisputed use of digital technology occurred with its launch of Cosmos 1552 on May 14,
1984. Collection systems have not detected signals from this or subsequent fifth-
generation satellites, so anaysts believe that the data is retrieved via Molniya™ or
geosynchronous communications satellite links. Russia continues to use its Generation 5
satellites today and has apparently developed a Generation 6 follow-on to this initial
successful use of digital processing technology.
The French Go Commercial

France, one of the five acknowledged nuclear powers, joined the digita image
processing world only four years after the Soviets. Unlike its American and Soviet
predecessors, French entry into this domain occurred in the commercial marketplace. The
French government began the SPOT program in 1978 and first exploited digital image
processing technology satellites with its launch of SPOT-1 in 1986. The SPOT system
does not offer the high resolution of its military counterparts; it provides 20 meter multi-
gpectral and 10 meter panchromatic resolution imagery. Also unlike its American and
Soviet counterparts, the French government did not attempt to underwrite all of SPOT’s

developmental costs. From it inception, national and international governmental and
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private firms have participated in the program. Over a dozen French, Belgian, and
Swedish agencies had a stake in SPOT-1's success. Today, the expansive SPOT Imagery
Corporation provides imagery to customers on every continent.

The French entry into the commercial exploitation of digital image processing
technology could have signaled the beginning of the transformation of photo-
reconnaissance imagery to operationa and tactical use, but it wasn't until the United
States needed such data in a regional war that the military space community began to

realize that a fundamental transformation was underway.

Transformation:
Strategic Intelligence in Theater Warfare

Throughout the Cold War, space-based strategic intelligence enhanced global
stability by enabling governments to monitor crises and watch for remote nuclear weapons
tests.*’ Observation satellites monitored possible threats to the regimes established by the
1963 Limited Test Ban Treaty, the 1970 Nuclear Non-Proliferation Treaty, and the 1972
Strategic Arms Limitation Treaty. They played an active role in monitoring the 1971
Indian-Pakistani war, the 1973 Arab-lsraeli war, and the Iran-lraq war of the 1980s.
Utilizing their strategic eyes, the superpowers kept watch over turmoil in many theaters.

However, it wasn't until the Gulf War of 1991 that America's strategic eyes were
actively integrated into every phase of theater warfare” This integration was and is
necessary for the modern battlefield commander to monitor today’s expanded theater of
operations. Just as telescopes once provided extended vision to the horse-mounted

commander, reconnaissance satellites help modern commanders control, manage, and
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coordinate simultaneous operations over thousands of square miles. Because of the
immense complexities of modern warfare, the orbiting remote sensing systems provide
critical information that helps the commander achieve success. Aware of these modern
warfare demands, it is now easy to see that in the fall of 1990, America's most secretive
strategic intelligence program unknowingly sat on the doorstep of radical change.

We Have No Maps!

When the Coalition forces deployed to the Persan Gulf region, the maps of
Kuwait, Irag, and Saudi Arabia were old and out-of-date.® To correct this deficiency,
multi-spectral imagery satellite systems were used to prepare precise maps of the Gulf
area. Multi-spectral images were used to show features of the earth that exceed human
visua detection. With the ability to provide seasonally adjusted battlefield maps, the
multi-spectral imagery analysis identified land cover, healthy and stressed vegetation, soil
boundaries, soil moisture content, fording locations, and potential landing or drop zones.
These images aso allowed analysts to identify shallow water areas near the coastline and
earth surface areas in which spectra changes had occurred. With this information,
support personnel and trigger-pullers gleaned data that would help achieve military
victory. Desert Shield and Desert Storm engineers had vauable data that enabled plans
for military airfield construction; Marines knew which areas were best for amphibious
assault; land forces could monitor enemy operations; and air attackers could examine
attack routes, verify target coordinates, and identify potential landing zones.

One of the great values of Desert Storm’s multi-spectral imagery was its use for
aerial combat mission planning and operations. It was combined with other Defense

Mapping Agency databases and used by pilots to display attack routes and targets as they
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should appear at flight and attack altitudes. Prior to the air campaign, the military
electronically overlaid SPOT images of Iraq on digital terrain maps for mission rehearsals.
Additionaly, these images were displayed in the Mission Support Systems (MSS) vans
deployed in the theater. The MSS heralded the first in-theater use of mobile downlink
stations.™ These units permitted processing and analysis of data by battlefield intelligence
units. For combat operations, imagery was a standard part of target folders and air crews
expected its uninterrupted availability. When reviewing their tasking orders, they wanted
and expected to see a picture of every target.”

Examples of the use of SPOT imagery in the air campaign include both destructive
and congtructive applications. The imagery was a key element in the rapid planning and
launch of a successful F-111 attack on a single building in Kuwait City to eliminate several
Iragi general officers.* The SPOT panchromatic imagery closely resembles the resolution
and visual appearance of infrared targeting displays.*” Thus, the images were very helpful
during flight operations. F-117A stedlth aircraft pilots carried the imagery from the onset
of hostilities. The SPOT pictures helped them attack targets such as the Iragi air defense
operations center, Ministry of Defense, Intelligence Center, and other high priority
targets.® To assist in the Scud hunts, SPOT imagery was used to identify terrain or man-
made features where Iragi missile launchers might hide.*

Equally important, the SPOT imagery helped avoid the loss of civilian lives by
identifying the locations of mosques, hospitals, schools, and residential areas. Attack
angles for specific weapons were calculated so that bombs or missiles that might impact
long or short had the least chance of causing collateral damage™ On at least one

occasion, SPOT imagery assisted in the rescue of a downed F-16 pilot.”* Rescue mission
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planners used the images to examine the topography of the area where the pilot gected.
They made judgments about where he would be likely to go based on seeing the same
topography from ground level. During the rescue operation, the imagery was used to
guide forces to the area.

With its low resolution quality, SPOT’s main contributions came from its ability to
provide bathymetric, hydrographic, and terrain categorization in support of air, naval, and
ground combat operations. In short, this exceptional view of the territory and
composition of the land and waterways gave Coalition forces an unprecedented insight
into the environment within which they fought.>
The Soviets Views

The Soviets were very impressed by America’s space abilities in theater warfare.™
As a provider of much of Irag's war equipment, they were dismayed that space-based
reconnaissance systems detected and smart weapons quickly destroyed much of the Iragis
modern equipment. Despite the Coalition’s success in this area, the Soviets were pleased
with the Iragi maskirovka™ techniques. The effectiveness of Iragi camouflage techniques
drew positive remarks from several Soviet officers™ The late Marsha Sergel
Akhromeyev commented that Iragi systems of decoy targets and decoy target groupings
caused problems for Coalition forces in the first weeks of the air war. Genera Maltsev
speculated that up to 50 percent of the first Coalition strikes were carried out on false
targets because of Irag's extensive deployment of sophisticated dummy air defense
systems™® Of even grester significance, Iraq was able to use basic camouflage and
dispersal techniques to conceal ballistic missiles, chemical and nuclear weapons related

equipment, and probably other information as well.>’
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The Uniqueness of the Gulf War

As a commercial resource, SPOT’s value in theater warfare has led many to
speculate on the threat posed by a future adversary’s acquisition of high quality imagery.
One of the unique features of the Gulf War was the broad Allied Coalition that included
the mgjority of space-based reconnai ssance-capable nations. Although Irag had procured
SPOT imagery prior to its invasion of Kuwait, the French terminated al sales of Gulf-
related imagery within days of the invasion.® Being a commercial venture, the board of
directors stated their intent to sustain a non-military image. A spokesperson for the
corporation stated that the board of directors did not want SPOT to appear to the general
public as a company that aggressively follows military developments.®

The officia’s statements do not indicate a categorical refusal to alow SPOT to
provide imagery during conflict or war stuations. SPOT officials have repeatedly
reminded the world of the corporation’s open access policy and refusal to censor its
imagery products.®® Rather, it was the unique circumstances surrounding the Gulf War
that caused the French corporation to temporarily modify its policy. When it has viewed a
conflict situation as an opportunity to provide newsworthy imagery, it has readily offered
to do s0.** It was thus the unique high level of belligerence and subsequent world
condemnation of Iraq’ sinvasion that led SPOT officials to refuse to supply imagery and to
publicly state that it is not their role to track military forces.® Interestingly, their atruism
in this situation would have quickly disintegrated if any other imagery agency had decided
to provide similar data® At the time, the only other agency that could have made such a
decison was the Earth Observation Satellite Company that operates LANDSAT.

According to Phillipe Renault, Deputy Director-General of SPOT Image, if EOS had sold
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LANDSAT images to Irag, SPOT Image would have done likewise in the interest of
business competition.**

As the world approaches the twenty-first century, international economic
competition is preparing it for unprecedented access to high quality imagery data. Thirty
years of technological evolution and international competition have significantly altered
strategic space intelligence. Its employment has changed and its ownership expanded.
Imagery intelligence has emerged from its highly secretive cocoon; it has experienced an
enormous technological revolution; and most recently, its value has been applied to the
operational and tactical levels of warfare. Having reached the end of this short review of
the emergence, development, and transformation of strategic space intelligence and the
military space community, this monograph will now look to the future. The first task for
Part 11 will be to provide a perspective on modern warfare; to provide the context in

which imagery intelligence data will be used.
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PART TWO: THE FUTURE

The Forms of Modern Warfare

Before attempting to speculate on a future adversary’s use of imagery intelligence
data in warfare, it is important to gain a perspective on the context in which it may be
used, that is, the strategist needs an understanding of some of the variations of modern
warfare. Thisis critical because strategists must recognize that not all adversaries are the
same, nor are many at an evolutionary position similar to that of the United States. Each
of the potential adversaries the United States may face occupies its own unique region of a
multi-dimensional warfare evolutionary scale. Each adversary's technological, organi-
zational, and conceptua capabilities will widely vary. Thus, they cannot be engaged in
like manner. A singular employment strategy will not work against diverse adversaries
and should not be blindly pursued. The discussion that follows is a departure from
traditional warfare analysis. It is offered as another perspective from which to look at the
evolution and complexities of modern warfare.
Understanding Warfare

Modern warfare is a multi-faceted enterprise, one whose evolutionary complexity
has mirrored that of human society. This complexity ensures that humanity’s attempts to
explain modern warfare are as taxing today as they were for primitive humankind.*> While
primitive humankind grappled with the rudimentary skills that characterized early warfare,
humanity must attempt to put its arms around many forms of warfare that include highly

technical tools and complex organizational and doctrinal concepts. While no individual
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can master all of the complexities of modern warfare, those complexities can be described
by manageable concepts and frameworks.

Warfare is the human expression of the battle for ascendancy. At its roots lay
differences about the desirability of the status quo. Status quo issues may concern
territory, power, legitimacy, dominance, ideology, or a host of other topics. Each entity
or actor on the international or nationa landscape has a variety of tools and methods for
preserving or attempting to change the status quo. The international battle for ascendancy
remains the purview of a small subset of humanity until one side determines that a core
interest, value, or belief is threatened or perhaps that the status quo power is incapable of
representing the interests of a subset. While a state of war may be referred to
metaphorically very early on (for example, a trade war), the military is accustomed to
referring to the existence of a state of war only when it is directed to and becomes
engaged in force application against the tools of an opposing force. Once a military force
is engaged, there are three possible outcomes. the status quo is changed, the forces
languish in stalemate, or there is no change to the status quo. If the group seeking change
isvictorious, it becomes the guardian of the contemporary status quo. The defeated force
then becomes the entity seeking to change the status quo at a later point in time. A
diagrammatic interpretation of this concept is offered in Figure 2.

The Forms of Modern Warfare

In trying to gain a perspective on this ‘visible’ portion of the warfare spectrum, it
becomes apparent that throughout their evolution, people have improved their warfighting
skills by unlocking technological and cognitive secrets. Using technological advancements

as a categorica base, humankind has developed three definable forms of warfare. This
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categorization is organized by the concept that certain technological advancements have
produced significant evolutionary fractures. The fractures have signaled a magjor change in
size of the adversarial group that an entity is able to coerce. The three forms of warfare
are primordial, industrialized, and nuclear warfare. Figure 3 provides an overview of two
dimensions of this multi-dimensional framework.®®

As humanity develops each new form of warfare, it continues to maintain and
refine its earlier forms. As the secrets within each form are unlocked, humanity modifies
the range of its technical coercive capability. Additionally, each new technica ability
challenges humanity to harness that new power, focus it, and exploit it through higher
orders of organizational and conceptual abstraction. In some cases, for example,
Napoleonic warfare, the warriors lethality was increased through organizational
improvements. In other cases, for example, nuclear warfare, the owners have attempted
to harness the latest destructive tool to make it more useable. The technological,
organizational, and conceptua achievements are pursued in the belief that they will elude
the adversary and thus provide success in warfare. Without attempting to delve too
deeply into the three forms of warfare or reach into other aspects of this multi-dimensiona

anaysis, asuperficia examination isin order.
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Figure 2: Warfare—The Human Expression of the Battle for Ascendancy
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Figure 3: The Forms of Modern Warfare
(Categorized by Mankind s Development of Group Lethality Tools)

27




The foundation of primordial warfare is based on an entity’s need to coerce
individuals or small groups. This form includes hand-to-hand combat and the use of
elementary weapons such as clubs, swords, and small firearms. Organizationaly, its
evolution has been expressed through Napoleonic, tribal, and protracted guerrilla warfare.
Recent technological developments in this form of warfare seek coercion through the use
of non-lethal weapons.

Industrialized warfare is the form of warfare that members of militaries prefer to
deal with because it typically concerns forces that resemble themselves and which operate
in what is commonly referred to as conventional warfare. The foundation of industrialized
warfare is based on an entity’s need to coerce a larger organized force. It includes all of
the non-nuclear tools that industrialized society has created for use in warfare. Examples
of such tools include the machine gun, tanks, airplanes, missiles, many of the space assets,
and information technologies. The many entities who have gained industrialized warfare
capabilities provide extensive variety to this form of warfare. Each has mastered its own
unique level of technological, organizational, and conceptual sophistication. Additionaly,
in this form of warfare, humanity has succeeded in organizing systems of tools into
complex and coordinated attack systems. For example, this form includes Germany’s
concept of blitzkrieg, the United States Army’s AirLand Battle doctrine, air campaigns,
and emerging concepts